Inspired by traditional cyanotype, we first design a novel strategy for the fabrication of low-cost, lightweight, and soft patterned electrodes. When employed in flexible potassium-ion battery, the patterned electrodes show superior electrochemical performance, including good cycling stability and high energy density. This appealing photographic printing technique as well as the promising electrochemical results opens a new avenue for the fabrication of flexible energy storage systems. 
INTRODUCTION
Flexible electronics have received increasing attention recently, owing to their unique properties and broad application in a variety of fields. [1] [2] [3] To realize lowcost and high-performance flexible electronics, numerous burgeoning flexible energy storage devices have rapidly emerged, including flexible lithium-ion batteries (LIBs), sodium-ion batteries (SIBs), lithium-O 2 batteries, and supercapacitors. [4] [5] [6] [7] Theoretically, the emerging potassium-ion batteries (KIBs) are expected to contribute to flexible electronics due to the low cost and abundance of potassium resources and the relatively low redox potential of K metal (À2.92 V versus the standard hydrogen potential electrode). [8] [9] [10] [11] [12] However, this technology is still in its infancy and numerous scientific and technological challenges need to be overcome for the development of conventional KIBs, not to mention flexible ones. First, the repeated insertion and release of K ions with a significantly large radius (0.138 nm) will easily destabilize the common cathode materials applied in LIBs and SIBs, leading to low capacity, poor rate capability, inferior cycling stability, or even complete electrochemical inactivity in KIBs. 13, 14 Second, the conventional electrodes fabricated by the slurry-casting method can barely maintain structural integrity upon repeated mechanical deformation such as bending, rolling, or folding because of the weak adhesion between the active materials and the smooth surface of the metal substrate. 15 Moreover, the metal current collectors are relatively heavy, decreasing the energy density of the whole battery. 15 To date there have been no reports of flexible Theoretically, due to its rigid open framework with large interstitial space allowing for rapid ion transport, [16] [17] [18] [19] Prussian blue (PB) and its analogs could be a potentially useful cathode material for flexible KIBs. Conventionally, PB has long been obtained by the spontaneous precipitation method (SPPB), wherein aqueous solution of iron salts combines with the solution of potassium ferrocyanide to precipitate blue PB. However, owing to the extreme insolubility of PB, the crystal nucleation and growth during spontaneous precipitation are generally rapid processes, causing poor crystallinity and severe aggregation of PB particles. 20 Although PB can be prepared by either the citrate-assisted coprecipitation method or the hydrothermal method, 21, 22 which are favorable for improving the crystallinity and morphology, these methods suffer from some drawbacks, such as the complexity of the process, low yield, or high energy and/or time cost. Additionally, flexible electrodes with low weight and mechanical robustness are key components in achieving high-energy-density flexible KIB. While several different approaches have been reported for the fabrication of flexible electrodes, [23] [24] [25] the synthesis of self-standing PB electrodes via in situ generated highly crystalline PB on a flexible substrate is still highly challenging. Therefore, development of a low-cost, friendly, and facile strategy for the fabrication of lightweight, mechanically robust, and self-standing flexible PB electrodes is highly desired.
Context & Scale
Herein, inspired by the fact that traditional cyanotype is a cheap, simple, and controllable precipitation process, [26] [27] [28] we propose cyanotype as a novel photographic printing strategy for the fabrication of low-cost, lightweight, and flexible electrodes by the photoinduced synthesis of highly crystalline PB nanocubes (CTPB) grown onto Xuan paper. When the photographic printing flexible PB electrode is employed as a new class of cathode, highly flexible KIBs with excellent mechanical strength and superior electrochemical performance, including good cycling stability and high energy density, are fabricated. Furthermore, the obtained flexible electrodes are shapeable, which is of great importance for the design and development of personalized energy storage devices. 29 Figure 1A displays the reaction mechanism and synthesis process of the cyanotype, which is totally different from the traditional spontaneous precipitation method. First, potassium ferricyanide solution is mixed with ferric ammonium citrate to form a clear brown photosensitizer solution ( Figure S1A ). Subsequently, the photosensitizer solution is directly irradiated with UV light, causing the Fe 3+ ions in ferric ammonium citrate to be reduced to Fe 2+ ions. Finally, the few generated Fe Table S1 ). The corresponding refined structural models are also shown in Figures 1C and S3 , where two types of iron cation sites forming a double perovskite framework are observed. One iron atom occupies the nitrogen-coordinated sites, forming FeN 6 octahedra, while the other occupies the carbon-coordinated sites, forming FeC 6 octahedra. A 3D framework is formed with the FeC 6 and FeN 6 octahedra bridged by cyanide ligands, providing suitably large diffusion tunnels for the K ions at the interstitial sites. Meanwhile, the crystal structure of SPPB is also examined by XRD, the pattern of which is shown in Figure S4 . All diffraction lines of XRD patterns can be indexed as a cubic phase with the Fm-3m space group, in good accordance with the Bragg position calculated from the refined results for CTPB. Note that the 
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D and E) SEM (D) and TEM (E) images of CTPB (inset is the HRTEM image). (F)
The SAED patterns of a single CTPB particle.
CTPB shows sharp and strong peaks, indicating the highly crystalline nature of CTPB. The X-ray photoelectron spectroscopy results indicate that both CTPB and SPPB contain K, Fe, C, N, and O elements ( Figures S5A and S5C ). In the Fe 2p spectra ( Figures S5B and S5D ), the two peaks centered at 707.6 eV and 720.6 eV correspond to the Fe2p3/2 and Fe2p1/2 of Fe 2+ , respectively. The other peaks located at 711.6.7 and 724.8 eV can be attributed to Fe 3+ . 33 To further confirm the chemical composition of the samples, we then employed the inductively coupled plasma-atomic emission spectroscopy method and elemental analysis (Table S2 ) to determine the mass ratios of the heavy elements (K and Fe) and the light elements (C and N), respectively. When combined with thermogravimetric analysis (TG, Figure S6) The morphology and structural characteristics of CTPB and SPPB are further analyzed by scanning electron microscopy (SEM) and transmission electron microscopy (TEM). As shown in Figures 1D and S7, CTPB show a highly regular cubic morphology and high monodispersity. The TEM image ( Figure 1E ) clearly shows that these monodisperse nanocubes have a uniform diameter of approximately 100 nm. In the high-resolution TEM (HRTEM) images (inset of Figure 1E ), the lattice fringe with the d-spacing of 5.10 Å can be observed, which is well matched to the (200) plane of the cubic PB phase. Meanwhile, the corresponding selected-area electron diffraction (SAED) pattern ( Figure 1F ) indicates the single-crystalline characteristic of the CTPB sample. The set of diffraction spots can be indexed as the (200) Figure S8 ), most likely owing to the aggregation of tiny primary particles during the rapid precipitation process. It is reasonable to assume that the nanoscale electrode materials could provide a short diffusion distance for K ions, favoring a high rate of performance. 34 Coin cells with metallic K counter electrodes were assembled, and the galvanostatic discharge/charge technique was employed to evaluate the electrochemical performance of CTPB and SPPB in the voltage window of 2-4.5 V versus K/K + .
As shown in Figure 2A , the initial charge and discharge capacities of CTPB are 144 and 124 mAh g À1 , respectively. The overlapping voltage profiles demonstrate excellent electrochemical reversibility. Apparently, the voltage-capacity profile displays two distinct plateaus; the precise potentials were further analyzed using the differential galvanostatic (dQ/dV) curve (inset of Figure 2A Figure S9 displays the ex situ XRD patterns of CTPB. All of the patterns remain unchanged during the charge-discharge process, indicating K + insertion/extraction via a solid-solution process. Moreover, a shift in the position of the (200) diffraction peak to the bigger angles is observed during charging ( Figure S9B ), indicating the decrease of the lattice parameter due to the K + extraction. Meanwhile, there is an opposite tendency during discharging, suggesting that CTPB owns excellent structure stability. 36 In contrast, the K-ion storage performance of the SPPB electrodes (Figures S10A and S10B) is vastly inferior, with a reversible discharge capacity of only 81 mA hr g À1 . Another noteworthy feature of the CTPB electrodes is the rate capability ( Figure 2B ). As the current densities increase from 50 to 100, 200, 400, and 500 mA g À1 , the CTPB electrode delivers good capacity retention, varying from 109 to 107, 97, 88, and 84 mA hr g À1 , respectively. Remarkably, when the current density is returned to 50 mA g À1 after 15 cycles, the reversible capacity can be totally recovered to 109 mA hr g À1 , corresponding to 100% of its initial reversible capacity. By contrast, the rate performance of the SPPB electrodes is much inferior; less than 93% of the original capacity can be preserved as the current density recovers to 50 mA g À1 . Strikingly, the CTPB electrodes also exhibit an excellent cycling stability under high discharge/charge current densities. As shown in Figure 2C , they deliver the higher initial specific capacity of 84.8 mA hr g À1 and maintain the reversible capacity of 58.5 mA hr g À1 after 500 cycles at the current density of 200 mA g À1 , corresponding to capacity retentions of 69%. As a comparison, the SPPB electrodes deliver reversible capacities of 36.4 mA hr g À1 after 200 cycles at the same current density ( Figure S10C ); here only 57% of its initial capacity is preserved. The excellent rate and cycle capability of CTPB is possibly due to its high crystallinity, smaller particle size, and stable crystal structure, as its morphology is without change even after 500 cycles ( Figure S11 ).
Inspired by the advantages of the cyanotype process confirmed above, we then tested its efficacy as a novel strategy for the fabrication of a photographic printing flexible electrode. Figure 3A illustrates the schematic for the formation of a photographic printing pattern electrode. First, a piece of Xuan paper is immersed in the photosensitizer solution to form daylight paper. Subsequently, the obtained daylight paper is assembled together with hollowed-out pattern boards and irradiated with UV light. After developing the UV-treated daylight paper in distilled water and dilute acid solution, the photographic printing PB electrode (PP/PB) can be obtained. Interestingly, the shapes of our electrodes are controllable and depend on the shapes of the hollowed-out pattern boards. Various photographic printing pattern electrodes are displayed in Figure 3B , and their shapes are consistent with those of the hollowed-out pattern boards ( Figure S12 ). More importantly, such synthetic method for PP/PB is scalable for large area fabrication ( Figure 3C ). It is reasonable to consider that our photographic printing process would be an appealing printing technique and has enormous potential for applications in flexible electronics devices due to features such as low cost, simple processing, atmospheric processing, and possible scalability of fabrication. To further analyze the morphology and structural characteristics of PP/PB electrodes, we employed SEM and atomic force microscopy (AFM). As shown in Figures 3D, 3E , and S13, the surface of the paper fiber is closely stacked with cube-like particles, which is quite different from the smooth surface of the Xuan paper ( Figure S14 ). Meanwhile, the characteristic XRD peaks of the PP/PB electrodes match well with those of the CTPB, thus suggesting the successful formation of PB on the Xuan paper ( Figure S15 ).
Unfortunately, owing to the insulative nature of Xuan paper, the PP/PB electrodes cannot be directly applied in batteries. Consequently, conductive inks (whose major component is Super P) are sprayed on the PP/PB electrodes to form a conductive layer on its surface (PP/PB/SP). Figure 4A shows a photographic image of the obtained PP/PB/SP electrodes, exhibiting excellent flexibility and enabling its use for flexible device applications. Since the current collector accounts for ca. 10% of the total weight of the battery, lightweight electrodes will help increase the specific energy density of next-generation energy storage devices. 37 Fortunately, the weight of our PP/PB/SP electrode disk (with a diameter of 12 mm) is as low as ca. 4 mg (Figure 4B) , even less than that of the common current collector disk (with a diameter of 12 mm), including Cu foil, Al foil, carbon clothes, and carbon paper, although the thickness of PP/PB/SP electrodes is higher than that of Cu foil and Al foil. More importantly, the PP/PB/SP electrodes are mechanically robust. As shown in Figure 4C , the electrolyte remains clear even after being subjected to strong ultrasound for 5 min, indicating that no PB or SP are removed from the electrode into electrolyte. Figures 4D and 4E show the morphology of the PP/PB/SP electrode. After spraying with conductive ink, a 3D porous conductive layer on the surface of PP/PB is constructed. This conductive layer may not only offer an electron transport pathway for active materials but could also enable fast electrolyte mobility. Corresponding energy-dispersive X-ray spectrometry (EDX) elemental mapping ( Figure 4F ) reveals that K, Fe, C, and N atoms are homogeneously distributed throughout the electrode, indicating that PP/PB/SP electrodes have been synthesized well.
From the viewpoint of application, we then tested the PP/PB/SP as the integrated electrode in KIBs. As shown in Figure 4G , the voltage-capacity profile of PP/PB/SP displays two distinct plateaus, located ca. 3.3 and 3.9 V on discharge, which is similar to that of CTPB, implying that the K-storage behaviors of PP/PB/SP electrode are the same as those of CTPB. The initial discharge capacity of the PP/PB/SP electrode is 86 mAh g À1 . Interestingly, the discharge-voltage plateau located ca. 3.9 V becomes gradually evident over the first ten cycles, thus resulting in the increase of the capacity. After ten cycles the capacity reaches a high level of 95 mAh g À1 , indicating the activation of the electrode. 38 Figure 4H shows the cycle performance of PP/PB/SP electrode at the current density of 100 mA g À1 . It delivers the initial specific capacity of 72.8 mA hr g À1 and maintains the reversible capacity of 68.0 mA hr g À1 after 50 cycles, corresponding to capacity retention of 93.4%. Such excellent cycling ability indicates that our PP/PB/SP electrodes are robust enough to withstand repeated K-ion insertion/extraction.
To demonstrate the application of PP/PB/SP electrodes in flexible electronics, we fabricated flexible KIBs. The structure of the flexible battery is shown in Figures  5A and S16 ; the battery is composed of the PP/PB/SP cathode, flexible separator, graphite/Cu foil anode, and Al-plastic film. Note that the graphite/Cu foil anode has been potassiated prior to its application in the battery ( Figure S17 ).
Figure 5B displays a photograph of the final packaged flexible KIBs, which is consistent with the schematic in Figure 5A . An inset image shown in Figure 5B reveals the excellent flexibility of the device. Figure 5C presents the K-storage performance of the as-prepared flexible battery. The initial discharge capacity is ca. 80 mAh g À1 . Subsequently, the discharge capacities remain almost unchanged even after 50 cycles, demonstrating the excellent electrochemical stability. Importantly, the energy density of the final flexible device reaches a very high value of up to 232 Wh kg À1 , higher than the values of lead-acid and nickel metal-hydride batteries. [39] [40] [41] To further demonstrate its practical applications, the as-fabricated flexible KIB is used to control a commercial red light-emitting diode (LED). Note that the red LED could be easily lit ( Figure 5D ) even though the battery is intentionally bent ( Figure 5E ) and folded ( Figure 5F ). Furthermore, it can be seen that the discharge capacity remains almost unchanged as the flexible battery is intentionally bent and folded ( Figure 5G ), indicating that the fabricated flexible KIB is electrochemically stable even when affected by external bending strains.
In summary, using the cyanotype process as a low-cost, nontoxic, and facile method, we have synthesized single-crystalline and highly regular PB nanocubes, which exhibit excellent K-storage performance including high capacity, excellent rate ability, and extremely stable cycling performance. Furthermore, as a proofof-concept application, photographic printing pattern PB electrodes with features of flexibility, ultralight weight, and mechanical robustness have been successfully fabricated for the first time via the cyanotype process. When the obtained electrode is applied as a new class of cathodes, highly flexible KIBs with excellent mechanical strength and superior electrochemical performance, including good cycling stability and high energy density, are fabricated. This appealing photographic printing technique as well as the promising electrochemical results opens a new avenue for the fabrication of flexible energy storage systems, which is of great importance for assisting the efforts to design and develop next-generation flexible electronics.
EXPERIMENTAL PROCEDURES
Full experimental procedures are described in Supplemental Experimental Procedures. 
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